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GENERAL INTRODUCTION 
Research on body composition as influenced by plane of nutrition 
has received considerable attention. Winick and Noble (1966, 1967) 
reported decreased weight, protein, DNA and RNA of undernourished rats 
from birth to weaning (21 days of age). When these rats were adequate­
ly refed, they did not recover normal growth. Undernutrition from 21 
to 42 days of age had the same effects on these parameters except for 
DNA which remained unaffected in brain and lung. Undernutrition from 
65 to 86 days only affected DNA in spleen and thymus. All values 
returned to normal upon refeeding in those organs where DNA was not 
affected. From their studies, Winick and Noble (1966, 1967) concluded 
that the small size attained by rats underfed in early life was associ­
ated with fewer cells and they suggested that the state of nutrition 
during the neonatal period is important to the rate of cell division 
and the final number of cells in different organs of the rat. There 
are several reports dealing with undernutrition and its effects on 
performance of pigs (McCance, 1960; Widdowson et al., 1960; Lister and 
McCance, 1967; Stickland and Goldspink, 1973; Elsley, 1963a,b; McMeekan, 
1940; Palsson, 1955); however, in these studies restriction was 
carried out to induce extreme effects. Impairment of adequate 
nutrition in the neonatal pig is in many cases the result of 
inadequate milk intake. Lodge et al. (1977) observed reduced growth 
of pigs that were removed from their dams 16 hours per day, compared 
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with littermates suckling continuously. They also reported that DNA 
in muscle of the restricted pigs was reduced 60% at weaning when pigs 
were 35 days of age. After weaned pigs were fed adequately and at 
70 days of age there was considerable narrowing of the difference be­
tween groups in relative rates of increase in the DNA of muscle. 
Sarkar (1977) slaughtered suckling pigs from 0 to 50 days of 
age and reported increased muscle DNA (an index of nucleus number) and 
protein:DNA ratio (an index of cell size). The ratio of RNA:DNA (an 
index of cellular activity) changed relatively little in muscle. 
Madubuike e^  (1978) weaned 3-day-old pigs to either a dry diet or 
to a cow milk diet that was fed to 21 days of age. They reported 
statistical differences in average daily gain and feed efficiency for 
the growing-finishing period (day 22 to slaughter) by pigs of these 
two groups if compared to pigs nursed by their dams for 3 weeks. In 
another study, alteration of neonatal nutrition consisting of remov-r-
ing pigs from the sow at 3 days of age and feeding either a low energy 
or a low protein milk diet for 4 weeks did not affect growth or carcass 
characteristics at 23 weeks of age if compared with pigs fed a control 
milk diet. Litter size of 4 or 12 pigs for a seven week suckling 
period had no effects on performance or carcass composition at 23 weeks 
(Martin et al., 1974). Robinson (1969) showed that undernutrition of 
sows during pregnancy and lactation markedly affected skeletal muscle 
hyperplasia of the progeny. Age, inadequate dietary protein and 
length of protein restriction effects on performance and body 
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composition have been studied by Meade et al. (1969), Wyllie al. 
(1969), Khajarern (1973) and Zimmerman and Khajarern (1973). Meade et 
al. (1969) fed diets with different crude protein content (12, 15, 18, 
21, 24 and 27%) to pigs from 5.9 to 23.5 kg body weight. During this 
period, pigs fed low-protein diets had slower gains and poorer feed 
conversion. Starter protein level, however, had no effect on subset 
quent growth, feed efficiency, carcass characteristics or muscle 
chemical composition at 90.8 kg body weight, however, pigs fed the 
12% protein diet required a longer time (approximately 35 days) to 
reach 90.8 kg. Similar results were reported by Wyllie £t al, (1969) 
who fed starter diets ranging from 10 to 31% protein. The lower pro-, 
tein diets were associated with carcasses containing less water and 
protein and more fat in pigs killed at 23.9 kg body weight. However, 
carcass protein or backfat thickness at 92 kg body weight were not 
affected by starter protein levels. Adequate protein intake after 
starter protein restriction (10 vs 24%), resulted in compensatory 
responses as indicated by the absence of significant differences in 
overall performance and body chemical composition of pigs at 90 to 93 
kg (Zimmerman and Khajarern, 1973). Hogberg and Zimmerman (1978) 
reported that the feeding of a 10% protein starter diet to lean and 
fat-strain pigs resulted in reduced gain in the starter period, 
especially among the lean-strain pigs. In the grower period, gain was 
also affected in the lean-strain pigs, however, fat-strain pigs made 
compensatory growth. The decreased empty body weight gains of water 
and protein and increased gain of ether extract in the starter period 
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resulting from low protein intake were not observed at 100 kg body 
weight. Sex is known to influence body chemical composition (Wagner 
 ^al., 1963; Baker et al., 1967; Young et al., 1968). Davey and 
Bereskin (1978) reported that carcasses of castrate males contained 
significantly less protein and more ether extract than females. Similar 
observations were reported by Tjong-A-Hung et al. (1972). Contradictory 
reports on the effect of protein restriction on skeletal muscle area 
are found in the literature. Hogberg and Zimmerman (1978) reported 
decreased cross section area of the M. longissimus at 100 kg in lean-
strain pigs fed a 10% protein starter diet as compared with pigs fed 
a 20% protein starter. Increase in the M. longissimus area as a result 
of protein increase of the starter diet also has been reported by 
Stahly and Wahlstrom (1973), Tribble and Ramsey (1970) and Tjong-A-Hung 
 ^a2. (1972). However, other reports indicate no effect of starter 
protein level on the M. longissimus area at 92 kg (Wyllie e^  , 1969) 
or 90 kg (Meade et al., 1969) body weight. It has been shown (Howarth, 
1972; Trenkle, 1974) that inadequate dietary protein during postnatal 
growth to weaning results in subnormal concentrations of DNA, RNA and 
protein at 42 and 56 days of age in the rat skeletal muscle. The dif­
ferences in response to inadequate nutrition, between the rat and the 
pig, may be explained in part by the state of development of the two 
animals at birth. The rat is much more immature and it might be more 
susceptible than the pig to nutritional deprivation. The discrepancy 
in the pig work may be related to the time of nutritional restriction 
or to the effect of different strains of pigs. 
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The number of nuclei can be estimated by measuring DNA content 
because each diploid nuclei contains the same amount of DNA. In the 
pig estimates of DNA content per diploid nucleus range from 5.1 to 6,8 
picograms (Vendrely, 1955), Any increase in DNA is an indication of 
hyperplasia in tissues possessing mononucleated cells. However, in 
the multinucleated skeletal muscle cell, an increase in DNA is not 
necessarily an indication of increase number of fibers (Sarkar ^ t al., 
1977; Thompson et al., 1979). Discrepancy regarding the development 
of muscle fibers is found in the literature and different approaches 
have been studied (Hooper and McCarthy, 1976; Staun, 1963; Miller ^ t 
al., 1975; Ontell, 1977; Ontell and Dunn, 1978; Goss, 1966; Joubert, 
1956; Smith, 1963; Swatland, 1975, 1976; Stickland and Goldspink, 
1973; Thompson et al., 1979; Rayne and Crawford, 1975). Stickland and 
Goldspink (1973) suggested that the flexor digiti V brevis, a muscle 
in the fore-foot of the pig, was a suitable indicator for fiber number 
estimation. This suggestion was based on previous studies showing 
that the fiber number did not change during growth and that it was 
genetically determined and fixed at or near birth (Luff and Goldspink, 
1967). Recently, Thompson et al. (1979) reported fiber counts in a 
cross-section of the flexor digiti V brevis similar to those reported 
by Stickland and Goldspink (1973). However, Thompson et al, (1979) 
observed significant differences in the fiber counts of the same 
muscle, when they compared the microscopic technique used by Stickland 
and Goldspink (1973) with a method utilizing the Coulter Counter 
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(Thompson al., 1979). Other reports in the literature show 
evidence of increasing number of muscle fibers postnatally. Swatland 
(1975, 1976) reported that the apparent number of muscle fibers in 
the pig's sartorius muscle increased during 6 days after birth at an 
approximate rate of 300 per day. Doubling of muscle fibers in the 
medial pterygoid muscle of the rat to 6 weeks after birth was reported 
by Rayne and Crawford (1975). The discrepancy in muscle fiber develop­
ment may be related to alterations in the histology of the fiber itself 
and to species differences. Ontell and Dunn (1978) indicated that an 
increase in muscle fiber number could be related to longitudinal splits 
ting of preexisting muscle fibers. However, and without discarding the 
possibility of new muscle fiber formation, their experimental evidence 
supports the hypothesis that most of the new independent fibers are 
formed by the liberation of filamented cells from clusters which are 
comprised of a primary fiber, a satellite fiber, a satellite myotube, a 
satellite cell and an unclassified cell. They concluded by suggesting 
that most of the muscle fibers of the rat's extensor digitorum longus 
were present at birth. Fiber size is important in determining ultimate 
muscle size (Smith, 1963). Different genetic lines of pigs (Miller et 
al., 1975) and chicks (Smith, 1963) possess different muscle fiber 
diameters at similar body weights. This parameter can also be influenced 
by the dietary nutrient level (Trenkle, 1974). Staun (1963) concluded 
that increasing protein level or caloric density of the diet resulted 
in an increase or decrease, respectively, of muscle fiber diameter. 
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Hogberg and Zimmerman (1978) reported that feeding a 10% protein 
starter diet had no effect on the rectus femoris fiber diameter of 
pigs killed at 100 kg body weight. 
The experiments reported herein were conducted to further 
investigate effects of undernutrition in the early life of the pig on 
subsequent growth, feed efficiency, body composition changes and 
muscle fiber development. 
Explanation of Dissertation Format 
The two experiments reported in this dissertation will be sub^ -
mitted for publication to the Journal of Animal Science under the 
authorship of Luis A. De Uriarte and Dr. Dean R, Zimmerman. 
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PART I. EFFECTS OF NEONATAL RESTRICTION OF MILK 
INTAKE ON SUBSEQUENT PERFORMANCE AND 
CARCASS COMPOSITION OF PIGS 
9 
INTRODUCTION 
Cell division is the primary means of growth during fetal and 
neonatal life. Mitosis, in mononucleated cells, results in increase 
nuclei with a concomitant increase in DNA. However, in a multinucleated 
tissue like skeletal muscle, most of the new DNA results from the 
mitotic division of satellite cells (Mauro, 1961; Swatland, 1977) which 
does not necessarily indicate an increase in fiber number (Sarkar 
al., 1977). Inadequate nutrition may permanently stunt cell division 
if imposed during hyperplasia, therefore, stunting is dependent on the • 
tissue and its stage of development (Winick and Noble, 1966; Enesco and 
Leblond, 1962; Robinson, 1969; Sarkar e^  , 1977). In the pig, 
skeletal muscle DNA continues to increase after birth (Robinson, 1969) 
up to at least 20 kg (Lodge e_t a3^ ., 1977), 30 kg (Hogberg and Zim­
merman, 1979) and 107 kg (Powell and Aberle, 1975) body weight. Con­
troversy exists on whether all muscle fibers in rats and pigs are 
present at birth and on how undernutrition affects their development 
(Staun, 1963; Enesco and Puddy, 1964; Ontell and Dunn, 1978; Swatland, 
1975, 1976; Rayne and Crawford, 1975), In swine production milk 
availability during suckling is often inadequate, resulting in under­
nourished pigs. Therefore, in the experiment reported herein, we 
studied the effects of neonatal milk restriction on subsequent per^  
formance and carcass composition, muscle nucleic acids and fiber 
development in the pig. 
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MATERIALS AND METHODS 
Twenty-four crossbred pigs in four litters, each with three 
barrows and three gilts, were allotted by sex with litter to three 
nursing treatments. Two lengths of milk intake restriction were com­
pared to a control group (C). C pigs were allowed to nurse continuous­
ly during the lactation period. The restriction treatments consisted 
of removing the pigs from the sow for 12 consecutive hours each day 
for one week (R-1) or for 3 weeks (R-3). Before the treatments were 
imposed, all pigs nursed their dam for 3 days to assure adequate 
colostrum intake. To have an adequate number of pigs (seven) nursing 
the sow at all times, half of the restricted pigs (three) were taken 
away during the day and the other half at night. Four additional pigs 
were included in each litter to further stimulate the sow to produce 
milk. Pigs were weighed daily during lactation. After the three 
weeks of treatment, pigs of all groups were allowed unrestricted nursr-. 
ing for 4 days. At four weeks of age pigs were weighed and, within 
litter, were randomly assigned to individual pens. Pigs had free 
access to water and corn-soybean diets (table 1) containing 18% pro­
tein to 20 kg body weight, 16% to 54 kg and 13% to 118 kg. Weights 
and feed consumption were recorded weekly to 20 kg and then twice a 
month to 118 kg. When pigs reached 118 kg, they were exsanguinated 
after stunning by electrical shock. The digestive tract was removed, 
emptied of its contents, and combined with the rest of the viscera, 
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skin (with hair), head and blood to compose the offal. The carcasses 
were divided by sagittal section, longitudinally into two sides. 
Yield and carcass weight gain were calculated on a whole carcass basis. 
Average backfat (first rib, last rib and last sacral), carcass length 
and loin eye measurements were obtained from the right side prior to 
separation into lean, fat and bone. The separable components, along 
with the offal, were frozen and ground (fat and bone were combined). 
Subsamples were freeze-dried and analyzed for ash, moisture (appendix), 
total nitrogen and ether extract (AOAC, 1975). The right M. longissimus 
was separated, weighed and a section at the 10th rib frozen, ground and 
analyzed for ether extract (AOAC, 1975). The right rectus femoris was 
removed immediately after slaughter, weighed, frozen and muscle fiber 
diameter estimations obtained (Hegarty and Naude, 1970. Appendix). 
The frozen rectus femoris was ground, and RNA and DNA, (Munro and 
Fleck, 1966, modified by Trenkle ) and protein (Lowry et al,, 1951) 
determinations were made on homogenates (appendix). The front left 
foot was removed from each carcass and frozen for later dissection of 
the flexor digit! V brevis. Fiber numbers were counted by using a 
procedure similar to that described by Stickland and GoIdspink (1973). 
The muscle was carefully dissected, cleared of connective tissue and 
fixed in 10% formaldehyde for 24 hours. The muscle was anchored to 
2 keep it from contracting. A center cut was embedded in Paraplast. 
D^epartment of Animal Science, Iowa State University, Ames, Iowa 
50011. 
S^herwood Medical Industries Inc., 1831 Olive St,, St. Louis, 
MO 63103. 
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Transverse sections of 6y were made with a Beck rotary microtome and 
stained in Weigert's iron hematoxylin (appendix). Counting was ac­
complished by projecting an image of the cross section on white paper 
and counting all fibers. A randomized complete block design was 
utilized for the statistical evaluation of the experimental data 
(Snedecor and Cochran, 1967). Coefficients of variation were cal­
culated by dividing the square root of the error mean square by the 
overall means and expressing them as percentages. 
3 American Optical, Instrument Division, Eggert Road, Buffalo, NY 
14215. 
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Table 1. Composition and calculated analysis of basal diets 
Ingredient 
Internat'1. 
Réf. No Starter Grower Finisher 
Ground yellow corn 4-20-931 55,94 77.00 84.70 
Soybean meal (48%) 5-04-612 24,67 20.00 12.50 
Dried whey 4-01-182 15.00 — • 
Soybean oil, crude 4-07-983 1.00 — 
Vitamin premix^  1.00 .50 ,50 
Calcium carbonate 6-01-069 ,73 ,90 .83 
Dicalcium phosphate 6—01—080 1,05 1.25 1.15 
Salt, iodized 6-04-151 .25 .25 .25 
Trace mineral mix^  .10 .05 .05 
Antibiotic premix .25C .05^  .02^  
Ethoxyquin 8-01-841 .02 
Calculated analysis: 
Protein, % 18.30 16,01 13.00 
Energy ME, kcal/kg 3262 3179 3194 
Calcium, % .71 .67 .61 
Phosphorus, % .60 .55 .51 
Lysine, % 1.07 .82 .60 
Methionine + cystine, / 'i .62 .55 .47 
Tryptophan, % .22 .18 .14 
C^ontributed the following per kilogram of diet: Vitamin A, 4,400 
lU: Vitamin D2, 1,100 lU; riboflavin,. 6.6 mg; panthotenic acid, 17,6 
mg; niacin, 33 mg; Vitamin B12, 22 yg; half these levels in the grower 
and finisher diets. 
C^ontributed the following in ppm: Zn, 200; Fe, 100j Mn, 55; 
Co 1.0; I, 1.5; Cu, 11; half these levels in the grower and finisher 
diets. 
^^ Contributed the following per kilogram of diet; chlortetracycline, 
110 mg; sulfamethazine, 110 mg; penicillin, 55 mg. 
'^ Contributed the following per kilogram of diet: chlortetracycline, 
55 mg in the growing period and 22 mg in the finishing period. 
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RESULTS 
During milk restriction average daily gains (ADG) were decreased 
(P<.05) to about 30% that of control pigs (table 2). In the post-
weaning period, however, no treatment differences were observed for 
ADG, feed intake or feed:gain (table 2). At 118 kg body weight, there 
were no significant treatment differences in carcass weight gain or 
length, loin area, separable lean, fat and bone, backfat depth, M. 
longissimus and rectus femoris weight (table 3). Muscle fiber number 
in the flexor digiti V brevis at 118 kg did not differ among treat­
ments, however, R-3 pigs had larger (P<.05) fiber diameters in the 
rectus femoris compared to R-1 pigs (table 4). Weights of moisture, 
ash, protein and ether extract in the empty body were not significantly 
different among treatments (table 5). Chemical analyses on separable 
lean and fat plus bone showed no significant differences, except for 
percentage protein in lean. R-1 pigs had a higher (P<.01) percentage 
of protein in lean than either C or R-3 pigs (table 5). C animals had 
more (P<.05) ether extract in the M. longissimus than R-1 pigs, how­
ever, no differences were observed between C and R-3 or R-1 and R-3 
pigs (table 5). Females had higher (P<.05) separable fat plus bone 
protein and ash (P<.01), separable weight•of lean (P<.05), empty body 
protein (P<.01) and ash (P<.05) and lower separable weight of fat 
(P<.01) than did castrate males (table 6). Suckling treatment or sex 
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had no detectable effect on rectus femoris protein, DNA, RNA or on 
ratios of protein:DNA and DNArENA (table 7). 
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Table 2. Effect of restricting milk intake on performance 
Item Control 
1 week 
restriction 
3 week 
restriction cv,% 
Day 3 to 10 
Day 3 to 17 
Day 3 to 24 
Day 3 to 28 
Weaning - 20 kg 
20 - 54 kg 
54 - 118 kg 
Weaning - 118 kg 
Weaning - 20 kg 
20 - 54 kg 
54 - 118 kg 
Weaning - 118 kg 
Avg. daily gain in lactation period, g 
190' 
195' 
189' 
56' 
98^  
111^  
55 
63^  
60' 
190" 124 75 
Avg. daily gain in post-weaning period,g 
34.7 
40.6 
38.0 
34.0 
436 
673 
781 
690 
1.71 
2.75 
3.75 
3.20 
424 
649 
736 
659 
378 
655 
792 
680 
Feed;gain in post-weaning period 
1.61 
2 . 6 2  
3.67 
3,09 
1.72 
2,56 
3.91 
3.21 
17.0 
4.5 
13.3 
7.1 
11.3 
9.4 
15.3 
10.2 
a->b,c^ aiyes in the same row with different superscripts differ at 
P<.05. 
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Table 3. Effect of restricting milk intake on carcass estimates, 
yield and separable lean, fat and bone at 118 kg body weight 
Item Control 
1 week 
restriction 
3 week 
restriction CV,% 
Carcass gain, g/day 407 388 391 5.4 
Carcass length, cm 85.4 85,5 85.2 2.5 
Backfat, cm 3.0 3.2 3.1 10,2 
M. longissimus, kg 2.5 2.7 2.4 . 6,5 
 ^ . 2 Loin area, cm 44.7 47.7 42.5 . 9,2 
Rectus femoris, g 461 483 471 6.6 
Yield, % 70.9 71.0 70.1. 3.1 
Lean,^  % 57.0 56.6 54.4 4.6 
Fat,^  % 30.3 30.7 33.3 11,1 
Bone,^  % 12.7 12.7 12.3 9.9 
Lean,^  kg 44.5 44.5 42.9 5.2 
Fat,^  kg 23.3 23.5 25.7 13.1 
Bone,^  kg 9.7 9.7 9.5 9,1 
P^ercent of combined weight of the three components. 
Weights were adjusted for moisture loss during processing, 
assuming that the three components lost moisture at the same rate 
relative to their respective weights. 
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Table 4. Effect of restricting milk intake on muscle fiber number 
and diameter at 118 kg body weight 
1 week 3 week 
Item Control restriction restriction CV,% 
Number^  1990 2256 2436 35.6 
Diameter,mm .0958 .0931 .0996 5.2 
flexor digiti V brevis. 
R^ectus femoris. 
b^ne week restriction vs 3 week restriction differ at P<.05. 
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Table 5. Effect of restricting milk intake on chemical composition of 
empty body, separable lean, separable fat plus bone and on M. 
longissimus ether extract at 118 kg body weight 
Item Control 
1 week 
restriction 
3 week 
restriction cv,% 
Empty body. kg 
Moisture 56.7 55.6 57.2 8.6 
Ash 3.0 3.2 2.9 12.1 
Protein 17.1 17.7 16.7 4.6 
Ether extract 32.8 32,3 
Lean, % 
33.3 13.3 
Moisture 69.6 69.4 70.0 2.2 
Ash 1.0 1.0 1.0 5.7 
Protein 20.7* 22.0^  21.1^  3.6 
Ether extract 9.0 8.2 8.3 18,1 
Fat plus bone, % 
Moisture 25.7 25.0 30.4 40.2 
Ash 5.9 6.2 5.5 21.0 
Protein 8.9 8.9 7.7 17.3 
Ether extract 60.1 60.9 56.3 15.6 
M, longissimus, X 
Ether extract 3.7^  2.6^  3.4C'd 24.4 
'^^ Values in the same row with different superscripts differ at 
P<.01. 
'^ ''Values in the same row with different superscripts differ at 
P<.05. 
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Table 6. Effect of restricting milk intake on 
between sexes at 118 kg body weight 
significant differences 
Item Female 
Castrate 
male CV,% 
Fat plus bone protein, : 9.15 7.89* 17,3 
Fat plus bone ash, % 6.61 5.11** 21,0 
Right side lean, kg 22.63 21.55* 5.6 
Right side fat, kg 11.13 13.20** 12.7 
Empty body protein, kg 17.58 16.81** 4.6 
Empty body ash, kg 3.21 2.88* 12.1 
*P<.05. 
**P<.01. 
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Table 7. Effect of restricting milk intake on nucleic acids and their 
ratios in the Rectus femoris at 118 kg body weight 
1 week 3 week 
Item Control restriction restriction CV,% 
Protein, % 24.1 22.8 22.2 13.0 
ENA, yg/g 1028 1047 1024 8.6 
DNA, yg/g 541 541 532 5.5 
RNA:DNA 1.9 1.9 1,9 7,2 
Protein:DNA 447 422 417 13,4 
Adequate nutrition is essential to attain normal growth in baby 
pigs during suckling (Martin elt , 1974), however, under normal farm 
production conditions, adequate milk intake by the new born pig is 
often not accomplished. In the present study, restricted pigs gained 
weight approximately 30% as fast as unrestricted littermates. 
Similar observations were reported by Lodge e^  aJ^ . (1977) who observed 
a 61% reduced growth rate in pigs removed from their dams 16 hours 
each day for 30 days. When adequate nutrition was provided, the lac­
tation treatments in our study had no residual effects on ADG or F;G 
from weaning to 118 kg body weight, which indicates that undernourished 
suckling pigs grow at a rate similar to well-nourished littermates upon 
adequate refeeding. Several reports disagree on the effect of realimen­
tation on subsequent ADG and F:G (Madubuike et al,, 1978; Lodge-et-al. ^ 
1977; Martin et al., 1974), Milk-restricted pigs failed to narrow dif­
ferences in body weight with respect to unrestricted littermates in the 
period after weaning (35 to 70 days of age) (Lodge e^  ^ ., 1977). Close 
agreement exists in regard to carcass measurements and chemical compo­
sition after realimentation. In our study, we found no significant dif­
ference in any of the carcass measurements at 118 kg body weight. 
Martin e^  (1974) also reported no differences in carcass character^  
istic of pigs from small (4 pigs) and large (12 pigs) litters at 
approximately 108 kg body weight. In the present experiment we found 
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no differences expressed as empty body moisture, ash, protein or ether 
extract among treatments in pigs killed at 118 kg body weight. Lodge 
et al. (1977) chemically analyzed carcasses and viscera of 70-day-old 
pigs that were milk-restricted or unrestricted to 35 days of age. 
Despite the difference in body weight of 39 vs^  60 kg respectively, and 
the relatively short period of realimentation, there were no treatment 
differences for protein, ether extract, ash or water concentrations, 
R-1 pigs in our experiment, however, had more protein in lean than either 
C or R-3 pigs and less intramuscular fat in the M. longissimus at 118 kg 
body weight than C pigs. 
Hyperplasia of Skeletal Muscle 
Increase in DNA in mononucleated cells results from new nuclei 
derived from mitosis. However, in pig skeletal muscle, there is 
evidence that the most likely source of new nuclei during growth, is 
the mitotic division of satellite cells (Swatland, 1977). The increase 
in nuclei number does not necessarily indicate an increase in the 
number of fibers (Sarkar et al., 1977; Thompson et al., 1979)., Milk 
restriction to 35 days of age, reduced DNA increase in pig muscle by 
60%, however, there was considerable narrowing of the difference in 
muscle DNA between restricted and unrestricted pigs at 70 days of age 
(Lodge et al., 1977). In our study, no attempt was made to measure 
nucleic acids in muscle at the time of realimentation. However, 
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Martin ^  (1974) killed undernourished pigs at seven weeks of age 
and observed reduced total muscle DNA and RNA compared to well-nourished 
animals. After realimentation the differences were no longer present. 
If the pigs in the study by Lodge £t al. (1977) were given more time to 
grow, the difference in total DNA might have been further reduced. 
Also, if DNA had been compared in pigs of similar weights, treatment 
differences may have not existed as was demonstrated by Hogberg and 
Zimmerman (1979). From these reports we assume that nucleic acids were 
also reduced in muscles of restricted pigs at weaning in our experiment 
but the differences had disappeared at 118 kg body weight. This re-r 
alignment of nucleic acid concentrations has been reported by several 
researchers (Winick and Noble, 1966, 1967; Young and Alexis, 1968; 
Howarth, 1972; Howarth and Baldwin, 1971; Trenkle, 1974). Lodge et 
al. (1977) reported significant differences in protein:DNA and RNA;DNA 
ratios between restricted and unrestricted pigs at 35 days of age. In 
the rat, malnutrition from 65 to 86 days of age decreased the protein; 
DNA ratio in muscle, however, this value returned to normal after re-
feeding (Winick and Noble, 1966). In the undernourished pig the 
decreased proteinrDNA and RNA:DNA ratios at the time of restriction were 
no longer present at 70 days of age (Lodge et al., 1977). In our study, 
we can assume again, that these ratios were also decreased in restricted 
vs unrestricted pigs at the same age, however, when these ratios were 
compared at same weight (118 kg) there were no differences between the 
two groups. 
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Muscle Fiber Development 
There is controversy regarding the development of muscle fibers 
and specifically on whether their numbers are fixed at or near birth or 
if they continue to increase. Different approaches for the estimation 
of fiber number are reported in the literature (Swatland, 1975, 1976; 
Rayne and Crawford, 1975; Stickland and Goldspink, 1973; Thompson et 
al. , 1979; Ontell, 1977; Ontell and Dunn, 1978), In our study, the 
utilization of an entire muscle cross-section for total fiber estima­
tion was adopted (Stickland and Goldspink, 1973), Thompson et' al. 
(19 79) reported that the number of muscle fibers in a cross-section of 
the flexor digiti V brevis of normal pigs was in close agreement with 
the values reported by Stickland and Goldspink (1973). However, in 
our study, the number of fibers counted in a cross-section of the 
same muscle, was lower for the control group and showed a range from • 
1403 to 2999. Thompson e^  al. (1979) showed higher numbers and a 
wider range (4659 to 9535). The same authors compared the microscopic 
technique with one utilizing the Coulter Counter and observed a 
significant difference in fiber number for the flexor digiti V- brevis 
between the two methods. The discrepancy in fiber number could be 
related to the fiber arrangement. Stickland and Goldspink (1973) re­
ported that in this muscle, fibers do not extend for its entire length. 
There are other theories reported in the literature regarding muscle 
fiber number. Swatland (1975, 1976) reported that the apparent number 
of myofibers at the mid-length of the pig's sartorius continued to 
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increase in the 6 days after birth at an approximate rate of 300 
fibers per day. Rayne and Crawford (1975) reported a doubling of 
muscle fibers in the medial pterygoid muscle of the rat from birth to 
6 weeks of age. Ontell and Dunn (1978) reported that increases in 
muscle fiber number in the neonate could be explained on the basis of 
longitudinal splitting of preexisting fibers. Ontell (1977) reported 
that there are fibers which are associated with clusters^  for distances 
along their length. Fibers then leave the clusters to appear in 
sequential sections as independent fibers. In the light microscope, 
this phenomenon can easily be mistaken for fiber splitting. Cluster 
splitting could also be the case with the flexor digiti V brevis. 
Ontell and Dunn (1978) also suggested the possibility of formation of 
new muscle fibers in the neonatal rat. However, their evidence sup­
ports the hypothesis that most of the new independent fibers are 
formed by the liberation of filamented cells from clusters, They sug­
gest that most of the muscle fibers of the adult rat's extensor 
digitorum longus muscle are present at birth. In the present study 
estimates of muscle fiber number were made after realimentation. Esti­
mates were not made in young pigs because of the small size of the 
flexor digiti V brevis and possible inappropriate dissection technique. 
Because of this and the histological variations reported in the litera-^ . 
ture, we can neither assume that the number of fibers were fixed at 
birth or that there was an increase in their number after birth, 
C^omprised of a primary fiber, a satellite fiber, a satellite 
myotube, a satellite cell and an unclassified cell. 
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According to Smith (1963), fiber size is important in determining 
ultimate muscle size. He reported that large bodied-chickens had 
larger muscle fibers than small bodied-chickens. Miller et al. (1975) 
reported that different genetic lines of pigs showed highly significant 
differences in fiber diameter. Hypertrophic growth of muscle fibers 
can also be influenced by dietary nutrient levels (Staun, 1963j Trenkle, 
1974). These reports suggests that animals possessing large muscle 
fibers are often rapid growing and muscular. In the present study 
R-1 pigs had the highest lean protein percentage and their lean weight 
was numerically highest, however, their muscle fibers were smaller in 
diameter than R-3 pigs. Throughout this dissertation differences in 
normal growth and muscle development between the rat and the pig and 
how undernutrition affects these parameters in the two species have been 
discussed. Species differences could be explained on the basis that 
the newborn rat is very immature at birth compared with the pig. There­
fore, the rat might be more suceptible to permanent limitation in 
growth from nutritional restrictions imposed in early neonatal life 
(Sarkar et al., 1977). 
Numerous reports indicate that gilt carcasses are superior to 
those of castrate males (Wagner et al., 1963; Baker et al., 1967; 
Young ^  al. , 1968) . In our study females had more protein and less 
fat in the empty body than castrate males. These results agree with 
those of Tjong-A-Hung et al. (1972). They reported that gilts excelled 
barrows in carcass leanness and also had significantly less fat and 
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more protein in the M. longissimus. In summary, the results of our 
study indicate that pigs undernourished in neonatal life, but adequately 
fed after weaning grow at normal rate and efficiency post weaning and 
have normal body composition at 118 kg body weight. 
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PART II. EFFECTS OF PROTEIN INTAKE EARLY IN LIFE 
ON SUBSEQUENT PERFORMANCE AND CARCASS 
COMPOSITION OF PIGS 
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INTRODUCTION 
Pigs fed protein-restricted diets during the starter period 
respond to realimentation by rapidly gaining weight and utilizing 
feed more efficiently (Meade e^  al., 1969 ; Wyllie e^  al., 1969 ; Zim­
merman and Khajarern, 1973; Davey and Bereskin, 1978; Hogberg and 
Zimmerman, 1978). Carcasses of protein restricted pigs killed at the 
end of starter period had decreased water and protein and increased 
fat (Wyllie et al., 1969), however, chemical body composition, at 
market weight, is not affected by low-protein diets fed during starter 
period (Meade et al., 1969; Zimmerman and Khajarern, 1973), Feeding 
low-protein diets during the starter period resulted in pigs of dif­
ferent weight at same age after realimentation (Meade a^ ., 1969; 
Zimmerman and Khajarern, 1973). Total protein and nucleic acids of 
pig's skeletal muscle increases during growth (Powell and Aberle, 
1975; Hogberg and Zimmerman, 1979) but protein restriction during 
starter period has no effect in their concentrations at market weight 
(Hogberg and Zimmerman, 1978). Hogberg and Zimmerman (1978) demon­
strated that lean- and fat-strain pigs did not respond similarly in 
rate of gain to protein restriction. Restriction decreased rate of 
gain more in lean- than fat-strain pigs in the starter period and, in 
the recovery period (20 to 57 kg), starter protein restriction increased 
rate of gain of fat-strain pigs but decreased rate of gain of lean-
strain pigs. This effect on the lean-strain pigs is contrary to 
earlier results of Meade et al. (1969), Wyllie et al. (1969) and 
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Zimmerman and Khajarern (1973). Because of expected recent improve­
ments in lean content of pigs in the herd used for our studies, we 
designed the experiment reported here to investigate in greater detail 
than previously the effect of protein restriction in the starter period 
on performance and body composition changes in various stages of 
growth. 
MATERIALS AND METHODS 
Thirty-six pigs from six litters of six animals each, averaged 
4.8 kg body weight and 24 days of age. Two dietary protein levels of 
10 and 20% with identical amino acid ratios were used. The 10% protein 
diet was obtained by dilution of the 20% protein diet with corn starch 
and dextrose, keeping the weight ratios of corn, dried whey and soy­
bean meal constant (table 8). Pigs were slaughtered at 20 and 100 kg 
body weight. Animals within litters were allotted randomly to six 
treatments (2 diets, 2 slaughter weights and 2 sexes) with the restric-r 
tion of having both sexes represented in each diet at 100 kg body 
weight. Treatments were 1) 10% protein-^ male, 2) 10% protein-r—female, 
3) 20% protein—male, 4) 20% protein—female, 5) 10% protein-rkilled 
at 20 kg and 6) 20% protein—killed at 20 kg. As each individual pig 
from treatments 5 and 6 reached 20 kg, they were killed by electrical 
stunning followed by exsanguination. Intestinal tracts were emptied 
and combined with the rest of the viscera and blood to form the offal 
sample. The carcasses were divided by sagittal section, longitudinally, 
and the right side, including right side of the head, was used for sam­
pling. Viscera and carcasses were frozen, ground and sampled. Freeze^  
dried subsamples were analyzed for ash, moisture, total nitrogen and 
ether extract (AOAC, 1975). Pigs of treatments 1, 2, 3 and 4 were 
slaughtered at 100 kg body weight. During the growing-finishing period 
pigs were fed (table 8) and housed as those in experiment one. Animals 
were dehaired and separable skin was included in the fat plus bone 
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sample. Fiber number in the flexor digiti V brevis was not estimated. 
Samples and data were obtained and analyzed as indicated in experiment 
one. 
Table 8. Composition and calculated analysis of basal diets 
Ingredient 
Internat'1. 
Réf. No. 
Diets 
10% 20% Grower Finisher 
Ground yellow corn 4-02-992 26.40 53.85 77.00 84.70 
Corn starch 4-02-889 23.47 
Dextrose 23.47 — — — 
Dried whey 4-01-182 7.50 15.00 ? 
Soybean meal, dehulled 5-04-612 13.90 26.69 20.00 12.50 
Soybean oil, crude 1.00 1.00 
Vitamin additive premix 1.00 1.00 .50 .50 
Choline chloride, 70% .12 — — 
Calcium carbonate .36 .75 .90 .83 
Dicalcium phosphate 2.12 1.00 1.25 1.15 
Salt, iodized  ^ .25 .25 .25 .25 
Trace mineral premix .10 .10 .05 .05 
Antibiotic premix .25c .25c .25d .lOd 
L-lysine HCl .05 ,10 
Ethoxyquin 8-01-841 .01 .01 
Calculated analysis: 
Crude protein, % 10.04 20.00 16.01 13.00 
Metabolizable energy, kcal/kg 3527 3631 3651 3640 
Calcium, % .70 .71 .67 .61 
Phosphorus, % .60 .60 .55 .51 
Lysine, % .62 1.24 .82 .60 
Methionine + cystine, % .33 . 66 .55 .47 
C^ontributed the following per kilogram of diet:vitamin A, 4,400 lU; vitamin D2, 1,000 
lU; riboflavin, 6.6 mg; pantothenic acid, 17.6 mg; niacin, 33 mg; vitamin '^ >12, 22 yg; half 
these levels in the grower and finisher diets. 
C^ontributed the following in ppm of diet; Zm, 200; Fe, 100; Mn, 55; Co, 1; I, 1.5; Cu, 
11; half these levels in the grower and finisher diets. 
(^ Contributed the following per kilogram of diet: chlortetracycline, 110 mg; sulfamethazine, 
110 mg; penicillin, 55 mg. 
Contributed the following per kilogram of diet; chlortetracycline, 55 mg in the grower 
and 22 mg in the finisher diets. 
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RESULTS 
Pigs fed the 10% protein starter diet had lower ADG (P<.01) 
higher F:G ratio (P<.01) and took approximately 22 days longer (P<.01) 
during the period of restriction (weaning to 20 kg) than pigs fed the 
20% protein starter diet (table 9). During the grower period (20 to 
58 kg) ADG and F:G ratio were not affected by treatment. However, 
restricted pigs took more days in the grower period (P<.05), None of 
the above parameters were affected in the finisher period (59 to 100 
kg), however, pigs fed the 10% protein starter diet had lower ADG 
(P<.01) and took approximately 23 more days (P<,01) to reach 100 kg 
than pigs fed the 20% protein starter diet (table 9). Pigs restricted 
during the starter period had the lowest weight of carcass (P<.01), 
carcass right side (P<.01) and offal (P<.05) at 20 kg body weight and 
lowest offal weight (P<.01) at 100 kg (table 10), Protein restriction 
to 20 kg body weight had no significant effect on carcass length, back-
fat thickness, M. longissimus weight or cross section area, rectus 
femoris weight or average fiber diameter, carcass yield or separable 
lean, fat, bone and skin at 100 kg body weight, except for lower carcass 
weight gain (P<.05) (table 11). Protein restriction had no effect on 
carcass and offal moisture, ash and protein at 20 kg body weight, how­
ever, ether extract was higher for restricted pigs (P<.01), At 100 kg 
body weight this treatment effect was no longer observed (table 12). 
Pigs fed 10% protein starter diets had lower moisture (P<.01) and 
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Table 9. Effect of starter protein level on performance and days 
during starter, grower and finisher periods 
Protein, % 
Item 10 20 P< CV,% 
Avg, daily gain, g 
Starter 248 373 .01 12.8 
Grower 671 723 — 9.4 
Finisher 862 825 —^  13.5 
Overall 563 659 .01 9.2 
Feed;gain 
Starter 2.62 1.66 .01 9.2 
Grower 2.71 2.67 — 5.1 
Finisher 3.57 3.61 —^  11.4 
Overall 3.07 2.94 — 7.2 
Days 
Starter 63.6 41.3 .01 22.2 
Grower 59.7 52.7 .05 10.8 
Finisher 48.8 54.6 —- 17.6 
Overall 172 149 .01 10.8 
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Table 10. Effect of starter protein level on the weights of the hot 
carcass, right side and offal at 20 kg and 100 kg body 
weight 
Protein, % 
Item 10 20 P< CV.% 
20 kg 
Carcass, kg 15.3 14.3 .01 2.8 
Right side, kg 7.6 6.9 0^1 2.0 
Offal, kg 3.1 3.6 .05 9,0 
100 kg 
Carcass, kg 73.3 73.4 ttv 2..6 
Right side,^  kg 35.1 35.3 r-.- 2.9 
Offal, kg 18.7 20.1 .01 5.8 
C^hilled weight. 
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Table 11. Effect of starter protein level on carcass estimates, 
yield, separable lean, fat, bone and skin and muscle fiber 
diameter at 100 kg body weight 
Protein, % 
Item 10 20 CV,% 
Carcass gain, g/day^  441 500 10.4 
Carcass length, cm 77.4 78.6 2.5 
Backfat, cm 3.1 3.1 6.4 
M. longissimus, kg 1.9 1.9 5.8 
T • 2 Loin area, cm 38.3 36.4 10.3 
Rectus femoris, g 396 382 9.2 
Fiber diameter,^  mm .0901 .0850 17.9 
Yield, % 76.5 75.1 2.2 
Lean,^  % 49.6 49.7 3.7 
Fat,c  % 32.6 31,7 6.7 
Bone,^  % 12.2 12,7 9.6 
Skin,c  % 5.6 5.8 13.8 
Lean,*^  kg 35.4 35.1 4.8 
Fat,^  kg 23.2 22.5 7.5 
Bone,^  kg 8.7 9.0 8.4 
Skin,^  kg 4.0 4,1 1 13.7 
T^reatment effect, P<.05. 
R^ectus femoris. 
"^ Percent of combined weight of the four components. 
height was adjusted for moisture loss during processing, assum­
ing that the four components lost moisture at the same rate relative 
to their respective weights. 
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Table 12. Effect of starter protein level on chemical composition of 
carcass and offal at 20 kg and 100 kg body weight 
Protein, % 
Item 10 20 P< CV, % 
20 kg 
Carcass, % 
Moisture 59.0 67.0 —. 11^ 6 
Ash 3.1 3.5 —. 16,1 
Protein 14.3 15.6 10.3 
Ether extract 25.2 15.0 .01 41.2 
Offal, % 
Moisture 82.1 85.6 — 1.8 
Ash .8 .8 — 11.5 
Protein 12.4 12.6 — 11.0 
Ether extract 6.3 2.8 .01 14.4 
100 kg 
Carcass, % 
Moisture 49.4 48.8 — 5.2 
Ash 2.5 2.6 T- 15.2 
Protein 16.2 16.5 — 5.4 
Ether extract 32.7 32.8 — 7.3 
Offal, % 
Moisture 61.1 59.7 3.6 
Ash 2.7 2.7 — 26.2 
Protein 15.0 15.1 — 4.2 
Ether extract 22.7 23.6 —r 12.3 
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protein (P<.05) and higher (P<.01) ether extract empty body weight 
gains during the starter period than pigs fed a 20% protein starter 
diet, however, no significant effect of starter protein on empty body 
gains was observed during the grower-finisher and overall periods 
(table 13). Chemical analyses of empty body, separable lean, separable 
fat plus bone plus skin and M. longissimus ether extract were not 
affected by protein treatment at 100 kg body weight (table 14). Females 
vs castrated males took 1) more days during the grower period (P<.05) 
(20 to 58.6 kg), 2) had greater M. longissimus weight (P<.01) and 
cross section area (P<.05), 3) less backfat thickness (P<.01), 4) more 
carcass separable lean (P<.01) and less separable fat (P<.01), 5) more 
protein (P<.05) and moisture (P<.01) and less ether extract (P<.01) in 
the separable fat plus bone plus skin and 5) more protein (P<.01) and 
moisture (P<.01) and less ether extract (P<.01) in the offal, carcass 
and empty body (table 15). Significant treatment by sex interactions 
(P<.05) were observed for F:G ratio during the finisher period (58.6 
to 100 kg) and the overall period, backfat thickness, carcass separable 
lean and carcass and M. longissimus ether extract percentage (table 
16). Protein restriction during the starter period had no effect on 
rectus femoris RNA, DNA, protein or their ratios at 100 kg body weight 
(table 17). 
Table 13. Effect of starter protein level and sex on chemical composition of empty body gains 
Item 
Protein, 
10 
% 
20 P< 
Castrate 
males Females P< cv, % 
Starter period, kg:^  
Moisture 8.3 9.4 .01 — 7.1 
Ash .4 .4 — —  7.1 
Protein 1.9 2,0 .05 — —  7.5 
Ether extract 3.6 1.8 .01 5.7 
Sum 14.2 13.6 T 6.8 
Grower-finisher, kg: 
Moisture 35.5 34.1 — — 33.0 36.7 ,01 6.3 
Ash 1.8 1.9 1.8 1,9 21.0 
Protein 11.9 12,1 —  — - 11.4 12.6 .01 6.3 
Ether extract 23.8 26.0 —  —  27.3 22.6 ,01 10.6 
Sum 73.0 74.1 73.5 73.8 3.5 
Initial to slaughter, kg;^  
Moisture 43.7 43.4 — —  41.5 45.6 .01 5.6 
Ash 2.1 2.2 — — 2.1 2.2 16.2 
Protein 13.7 14.0 13.3 14.5 .01 4.5 
Ether extract 27.3 27.7 —— 29.9 25.2 .01 8.4 
Sum 86,8 87.3 — — 86.8 87.5 —— 2.7 
Values for the beginning of the period, were 
Nutrition Section, Animal Science Department, Iowa 
M^eans in the starter period are from 36 pigs 
the different populations the total for initial to 
of the two first periods. 
estimated from previous data of the Swine 
State University. 
and 23 in the grower^ finisher, because of 
slaughter do not correspond to the exact sum 
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Table 14. Effect of starter protein level on chemical composition 
of empty body, separable lean, separable fat plus bone 
plus skin and on M. longissimus ether extract at 100 kg 
body weight 
Item 
Moisture 
Ash 
Protein 
Ether extract 
Moisture 
Ash 
Protein 
Ether extract 
Moisture 
Ash 
Protein 
Ether extract 
Ether extract 
10 
Protein, % 
Empty body, % 
20 
51.8 
2.5 
15.9 
30.6 
51.2 
2 . 6  
16.2 
30.8 
Lean, % 
71.4 
1 .0  
21.7 
6.9 
70.5 
1.0 
21.4 
8 . 2  
Fat plus bone plus skin, % 
28.7 28.5 
3.9 4.2 
11.1 12.0 
59.0 57.4 
M. longissimus, % 
5.4 5,5 
CV. % 
4.4 
16.3 
4.7 
7.6 
2.5 
4.4 
5.5 
22.4 
8.9 
16.3 
11.3 
5.8 
23.1 
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Table 15. Effects of sex on growth and body composition 
Item 
Castrate 
male Female P< CV, % 
Days, grower 52.9 59.4 .05 10.8 
M. longissimus, kg 1.8 2.0 .01 5.8 
T • 2 Loin area, cm 35.0 39.7 .05 10.3 
Backfat, cm 3.3 2.9 .01 6,4 
Carcass 
Lean, kg 33.3 37.3 .01 4.8 
Fat, kg 24.8 20,9 .01 7.5 
Lean, % 46.4 52.1 .01 4.0 
Fat, % 34.6 29,1 .01 6.9 
Fat-bone-skin, % 
Moisture 27.0 30.2 .01 8.9 
Protein 10.8 12.4 .05 11.3 
EE 60.5 55.5 .01 5.8 
Offal, % 
Moisture 58.6 62.1 .01 3.6 
Protein 14.6 15.5 .01 4.2 
EE 25.6 20.7 .01 12.3 
Carcass, % 
Moisture 46.8 51.4 .01 5.2 
Protein 15.6 17.1 .01 5.4 
EE 35.4 30.2 .01 7.3 
Empty body, % 
Moisture 49.4 53.7 .01 4.4 
Protein 15.4 16.7 .01 4.7 
EE 33.3 28.1 .01 7.6 
Table 16. Effects of sex by dietary protein interaction on growth and body composition 
Castrate male Female 
Item 10% Protein 20% Protein 10% Protein 20% Protein P< CV, % 
Feed:gain: 
Finisher period 3.4 
Overall period 3.0 
Backfat, cm 3.4 
Carcass lean, % 47.6 
Carcass EE, % 34.2 
M. longissimus EE, % 4.8 
3.8 
3.1 
3.2 
45.2 
36.6 
6.1 
3.7 
3.1 
2 . 8  
50.8 
31.2 
6.0 
3.4 
2 . 8  
3.0 
53.3 
29.1 
4.8 
.05 
.05 
.05 
.05 
.05 
.05 
11.4 
7.2 
6.4 
4.0 
7.3 
23.1 
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Table 17. Effect of starter protein level on nucleic acids and their 
ratios in the Rectus femoris at 100 kg body weight 
Protein, % 
Item 10 20 CV, % 
RNA, yg/g 935.3 919.0 14.6 
DNA, vg/g 482.0 484.9 6.5 
RNA:DNA 1.9 1.9 14.0 
Protein:DNA 383.8 372.1 6.2 
Protein, % 18.4 18.0 4.0 
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DISCUSSION 
As expected, pigs fed a 10% protein starter diet gained less 
weight, utilized feed less efficiently and took more days to the end 
of the restriction period than pigs fed a 20% protein starter diet. 
These results are in general agreement with those of other reports. 
Meade eit al. (1969) fed increasing levels of protein (12 to 27%) during 
the period from 5.9 to 23.5 kg, and showed decreased rates of gain and 
higher F:G ratios of pigs fed the 12% protein diet vs those fed higher 
protein levels. In our study, starter protein restriction ultimately 
affected ADG from 4.8 to 100 kg body weight, however, there were no 
significant differences in ADG resulting from starter protein treatments 
during the grower and finisher periods. There was, however, a trend for 
protein-adequate pigs to have faster (P<.10) ADG in the grower period 
than protein-restricted pigs. In our study, F;G ratios in the grower, 
finisher and overall periods were not affected by starter protein level. 
In contradiction, Zimmerman and Khajarern (1973) observed improved feed 
efficiency during the grower period (23 to 57 kg) in pigs fed a 10% 
starter protein diet vs. pigs fed a 24% starter protein diet. In another 
report (Wyllie e;t al., 1969), increasing starter protein levels (10 to 
31%) significantly decreased feed efficiency during the finisher period 
(57 to 92 kg). In our study, protein-restricted pigs took approximately 
22 more days in the starter period and 23 more days in the overall 4.8 
to 100 kg period than did non-restricted animals. Lack of compensatory 
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weight gains was also observed by Meade et al. (1969), Wyllie et al. 
(1969) and Zimmerman and Khajarern (1973), In the present experiment, 
there were significant effects of protein level and sex on days (P<.05) 
in the grower period. Restricted pigs took 59.6 days and unrestricted 
pigs took 52.6 days. However, restricted pigs weighed ,3 kg less at 
the beginning and 1.8 kg more at the end of the grower period.than un­
restricted pigs. Both the difference in gain (2.1 kg) and the trend 
(P<.10) for faster ADG by protein-adequate than by protein-restricted 
pigs contribute to the explanation of protein level treatments signifi­
cantly affecting days, but not ADG in the grower period. A similar 
situation was observed for sex. Gilts took more (P<.05) days (59.4) 
in the grower period than barrows (52.9), but the faster ADG of gilts 
was a trend (P<.10). The lack of starter protein effect on carcass 
measurements at 100 kg is in agreement with results of others. Wyllie 
et al. (1969) and Meade ^  al. (1969) reported no significant differences 
in conventional carcass measurements among pigs fed increasing protein 
levels in starter diets. In our study, ether extract concentration was 
highest in carcass and offal of restricted pigs at 20 kg body weight, 
however, chemical composition of carcass, offal and empty body was no 
longer affected by treatment at 100 kg body weight. In agreement, Zim-
merman and Khajarern (1973) fed pigs a 10% protein diet to 23 kg body 
weight and observed a higher ether extract percentage in the empty body 
at 23 kg, compared to that in pigs fed a 24% protein diet. Empty body 
chemical composition, however, was not affected at 90 kg body weight. 
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Chemical components of empty body gains are an indication of 
compensatory responses. In the present study, pigs fed 10% protein 
starter diets had the lowest moisture and protein and the highest 
ether extract empty body gains during the starter period (4,8 to 20 
kg). However, there was no significant effect of starter protein 
level on chemical components of empty body gains over the entire 5 to 
100 kg period, which indicates compensatory responses in the grower-
finisher period. Hogberg and Zimmerman (1978), reported that protein 
level (10% or 20%) fed in the starter period affected the composition 
of empty body gains in both the starter and the grower-finisher periods. 
However, because of their experimental design, composition differences 
in the starter period, were not analyzed statistically, and the compen­
satory responses for protein and ether extract during the grower-rv 
finisher period were significant just at the 10% confidence level. 
Gilts, as expected, had significantly higher moisture and protein and 
lower ether extract gains than did barrows. In our study, there was no 
effect of protein treatment on percentage carcass separable lean (49.6), 
fat (32.6), bone (12.2) or skin (5.6). However, these average values 
are somewhat different than those reported by Harbison e^  al. (1976) 
for 104 kg pigs. They reported separable carcass (left side) values of 
56.3% lean, 29.4% fat and 14.3% bone. The pigs used by Harbison et al. 
(1976) were described as muscular, which could explain the approximately 
7% differences in lean with respect to ours. However, if loin cross 
section area is used as an estimate of leanness, our pigs had a higher 
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2 37.3 35,3 cm ) area than those in the study of Harbison et al, 
(1976). In our study, chemical analyses of separable lean and separable 
fat plus bone plus skin were not affected by starter protein diet at 
100 kg body weight. 
Gilt carcasses are leanner compared to those of barrows (Baker et 
al., 1967; Wagner et al., 1963; Tj ongr-A-Hung et al,, 1972; Just and 
Pedersen, 1976). In the study reported herein, it was found that 
females had more separable lean, less separable fat and higher protein 
and moisture and less ether extract in the empty body than castrate 
males at 100 kg body weight. Davey and Bereskin (1978) reported that 
castrate males had more M. longissimus ether extract than females. 
In our study, there were no differences as a result of main effects of 
sex or protein treatment in M. longissimus intramuscular fat. There 
was, however, a protein level by sex interaction. Protein-restricted 
barrows had less fat in the M. longissimus and carcass than unrestricted 
barrows. Restricted gilts, however, had more fat in M, longissimus 
and carcass than unrestricted gilts, There were also significant pro­
tein level by sex interactions in regard to carcass separable lean and 
backfat thickness. Protein-restricted gilts had less backfat and carcass 
lean than unrestricted gilts, however, the opposite situations were 
observed with barrows. There were also protein by sex interaction for F:G 
ratios during the finisher and overall periods. Protein restricted 
barrows and unrestricted gilts were more efficient than unrestricted 
barrows and restricted gilts. 
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As suggested by Hogberg and Zimmerman (1978), the degree of 
genetic leanness of pigs may influence the degree of effect of protein 
inadequacy early in life on subsequent growth and body composition. 
The pigs used in our experiment averaged 30.7% empty body ether extract 
at 100 kg body weight. In this sense, our pigs, especially the gilts, 
were similar to the lean-strain pigs of Hogberg and Zimmerman (1978) 
but unlike their fat-strain pigs or the pigs used by Wyllie e^  al. 
(1969) and Zimmerman and Khajarern (1973). Wyllie e^  aJ^ , (1969) re­
ported that pigs fed a 10% protein starter diet had lower empty body 
ether extract than pigs fed a 31% protein starter diet at 92 kg body 
weight. Their results suggest that a fat-type pig, fed restricted 
starter protein will be leaner at 92 kg than a fat-rtype pig fed highT-
protein starter diets. Hogberg and Zimmerman (1978) observed stunt­
ing of rate of gain and reduced M. longissimus cross section area in 
lean-strain pigs subsequent to feeding a protein inadequate diet, but 
they observed a compensatory rate of gain response and no effect of 
starter protein restriction on the cross section area of the M. 
longissimus in fat-strain pigs. The effects of protein inadequacy on 
feed:gain ratios and carcass separable lean and ether extract percentages 
in our experiment suggest that the gilts responded somewhat like the 
lean-strain pigs of Hogberg and Zimmerman (1978) and the barrows re-r 
sponded somewhat like their fat-strain pigs and those used by Wyllie 
et al. (1969). 
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In the growing pig, there is a continuous increase in muscle DNA 
and RNA as demonstrated by Lodge et al. (1977), Sarkar et al. (1977), 
Hogberg and Zimmerman (1979) and Powell and Aberle (1975). Likewise, 
muscle fiber diameter increases with body size (Hogberg and Zimmerman, 
1979). In our study, we analyzed the rectus femoris for RNA, DNA, 
protein and fiber diameter and found no effects at 100 kg body weight 
of protein restriction during the starter period. Hogberg and Zim­
merman (1978) fed a 10% protein starter diet and observed similar 
results at 100 kg body weight, compared with pigs fed a 20% protein 
starter diet. However, Khajarern (1973) reported smaller rectus femoris 
fiber diameters in pigs fed inadequate ^  adequate starter protein 
diets. 
In conclusion, the results of our experiment indicate that: 1) 
low-protein feeding in the starter period affected performance and body 
composition during restriction but not at 100 kg body weight if 
averaged over sexes, 2) sex differences were as expected and 3) starter 
protein restriction reduced lean:fat ratio in gilt carcasses but in-^  
creased the ratio in barrow carcasses. Also, starter protein restrict 
tion decreased efficiency of feed utilization for the finisher and over? 
all periods with gilts but restriction improved these efficiencies with 
barrows. 
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SUMMARY 
In experiment one 24 pigs were allotted to three nursing 
treatments, after they were allowed to nurse for 3 days: 1) continuous 
access to lactating sow (C), 2) 12 hr away from sow daily, for 1 wk 
(R~l) and 3) for 3 wk (R-3). Subsequent to weaning at 4 wk, all pigs 
were fed nutritionally adequate corn-soybean meal diets to 118 kg body 
weight. The right side was separated into lean, fat and bone. Chem'-
ical analyses were made on these components and the offal, The right 
rectus femoris was analyzed for nucleic acids, protein and fiber 
diameter, and the right M. longissimus was analyzed for ether extract. 
Fiber number was estimated in the flexor digiti V brevis. Restricted 
pigs had lower (P<.01) average daily gain during the restriction 
period, however, no differences were observed in average daily gain or 
feed:gain for the total growth period. No treatment differences were 
observed for weights of separable lean and separable fat plus bone or 
chemical analyses of empty body, separable lean and separable fat plus 
bone, except for percentage protein of separable lean (P<.01), which 
was higher for R-1 pigs. M. longissimus ether extract was higher 
(P<.05) in C than in R-1 pigs. Females had higher protein (P<,05) and 
ash (P<.01) percentages in separable fat plus bone, separable weight 
of lean (P<.05), empty body percentage protein (P<.01) and ash (P<.05) 
and lower (P<.01) separable weight of fat. Treatment or sex had no 
effect on rectus femoris protein or nucleic acid concentrations. 
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Muscle fiber number was not different between treatments, however, 
fiber diameter was higher (P<,05) for C and R-3, than for R-1 group. 
These results indicate that undernourishment followed by realimenta? 
tion had no permanent effects on development or body composition. 
In experiment two ADG, F;G ratio, body composition and muscle 
growth responses of pigs fed a 10% protein starter diet and adequate­
ly-fed to 100 kg were compared with pigs fed a 20% protein starter 
diet. Protein-restricted pigs had lower ADG, higher F:G ratio and 
took approximately 22 days more to reach 20 kg. Protein restriction 
had no effect on ADG during the grower and finisher periods and on 
F:G ratio for the entire growing period. Days, but not ADG, were 
significantly affected by protein treatment and sex during the grower 
period (20 to 58 kg). Restriction resulted in lower carcass and offal 
weights and ether extract concentrations and lower moisture and pro­
tein and higher ether extract empty body gains at 20 kg, however, 
restriction had no effect on these parameters or carcass estimates* 
weight or chemical analysis of separable lean, fat, bone and skin, M. 
longissimus weight, cross section area and ether extract or rectus 
femoris weight, protein, DNA, RNA, their ratios, and average fiber 
diameter at 100 kg body weight. Gilts had heavier M. longissimus with 
larger cross section area, less backfat thickness, more carcass lean 
and less fat and more moisture and protein and less fat in separable 
fat plus bone plus skin, offal, carcass and empty body than did bar­
rows. Significant protein level by sex interactions were; restricted 
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barrows and unrestricted gilts had the lowest F;G ratios during the 
finisher and overall periods, restricted barrows had lower fat in the 
M. longissimus and carcass than unrestricted barrows, the opposite 
occurred in gilts, restricted gilts had less backfat thickness and 
carcass separable lean than unrestricted gilts, again the opposite 
occurred in barrows. Results indicate that starter protein restriction 
had some sex related effects on body composition at 100 kg; decreasing 
lean:fat ratio in gilt carcasses and increasing lean:fat ratio in 
barrow carcasses. 
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APPENDIX A 
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Weigert's Iron Hematoxylin 
Reference: Modification of: Luna, L, G. 1960, Manual of histologic 
staining methods of the Armed Forces Institute of Pathology, 
3rd ed. McGraw-Hill Book Company. 
Solution A: 
iron chloride, FeClg, 29% aqueous.  ^ . 4 ml 
distilled water 95 ml 
hydrochloric acid (sp. gr. 1.88-1.92, 37-38% HCl). .... 1 ml 
Solution B: 
hematoxylin crystals . . . . , . . , . . % . . % . . , . . 1 g 
95% ethyl alcohol. .100 ml 
Mix equal parts of A and B. This is best prepared each time, but will 
keep for 7 to 8 days once mixed. 
Counterstains 
1% Stock Alcoholic Eosin: 
eosin Y, C. I. 45380. . ..... . 1 g 
70% ethyl alcohol 1000 ml 
glacial acetic acid . 5 ml 
Working Eosin Solution; 
Dilute with equal volume of 70% alcohol for use and add 2 to 3 
drops of acetic acid. 
Fixation: any general fixative or one specific for nuclei. 
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Procedure 
1. Deparaffinize and hydrate slides to water, remove HgCl^ , 
2. Stain in Weigert's hematoxylin 3 to 5 minutes or longer. 
3. Wash in running water for 5 minutes. 
4. Counterstain. 
5. Dehydrate, clear and mount. 
Results 
Nuclei - black. 
Other elements - color of counterstain. 
Comments : This is used progressively; check results under microscope. 
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Muscle Fiber Diameter Estimation 
Reference: Hegarty, P. V. J. and R. T, Naude . 1970, Laboratory 
Practice 19; 151-164. 
Procedure 
1. Cut a transverse shaving (25 mg) from the belly of the frozen 
muscle. 
2. Place shaving in 1 ml chamber containing 0,5-0.8 ml isotonic 
saline. 
3. Homogenize to tease apart fibers 10 seconds with a Vitris 45 
homogenizer at slow speed. 
4. Transfer .3 ml slurry to deep well of a culture slide. 
5. Use a lOX eyepiece and a lOX objective in the microscope. 
6. Measure width of muscle fibers using an occular micrometer. 
7. The occular micrometer was calibrated with a stage micrometer 
and one division was found to equal .0055 mm, 
8. The fiber diameter was calculated as the mean of 100 fibers that 
were observed in the field. 
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Moisture Determination 
Procedure 
1. Dry extraction thimbles for 2 to 3 hours at 100° Centigrade. 
2. Cool extraction thimbles in desiccator for 30 minutes. 
3. Weigh approximately 8 grams of sample into a previously weighed 
extraction thimble. Weigh rapidly to avoid moisture loss by 
evaporation. 
4. Heat samples in a vacuum oven at 90°C and 20 lb. vacuum for 24 
hours. 
5. Cool samples in a desiccator for 30 minutes. 
5. Weigh samples and retain for ether extract determination. 
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Ultraviolet Absorption Measurements of DNA, RNA, and Protein 
References: Fleck, A. and H. N. Munro. 1962. Biochem^  Biophys. Acta 
55: 571-583. Revised by Dr. A. Trenkle, Department of 
Animal Seience, Iowa State University, Ames, Iowa. 
Homogenization 
1. Weigh exactly a muscle sample of about 2 grams. 
2. Homogenize samples in .4N KCl in 100 ml beaker. Use 25 ml. of 
.4N KCl per gram of sample. 
3. Keep samples and homogenate in ice bath. 
4. Analyze duplicate aliquots of each sample. 
5. Freeze remaining homogenate in plastic bottles» 
6. Rehomogenize homogenate that has been frozen before using. 
DNA determinat ion 
1. To a culture tube add 1 ml homogenate and 1 ml .2N KOH; mix. 
2. Add 1 ml .08% indole and mix. To tissue blanks add 1 ml 
deionized water instead of indole. 
3. Add 1 ml 4N HCl (ice cold); mix. 
4. Heat in boiling water bath for exactly 15 minutes. Cool 
rapidly in ice bath. 
5. Extract 3 times with 3.75 ml chloroform per extraction. 
Centrifuge for 10 minutes at 500 x g each time. 
6. Measure O.D. at 490 my. 
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DNA standard; 500 yg/ml 
Dissolve 25 mg of calf thymus DNA in ,001 N NaOH, Dilute to 50 ml 
volume with .OOIN NaOH. 
Working standard 
Concentration DNA, yig/ml 
10 
20 
30 
40 
60 
Dilute to volume with ..4N KCl, 
RNA determination 
1. Transfer 5 ml homogenate to a plastic centrifuge tuhe^  
2. Add 1.0 ml 1.2 N PCA with immediate mixing. 
3. Cool in ice for 10 minutes. 
4. Centrifuge 10 minutes at 7000 x g. 
5. Wash precipitate 2 times with cold *2N PCA (2 ml per wash), 
6. Add 1.5 ml HgO; suspend precipitate; add 1.5 ml .,6N KOH and mix, 
7. Incubate at 37°C for 60 minutes. 
8. Place in ice bath; add 2 ml of 1.2N PCA mix and let stand for 
10 minutes. 
9. Centrifuge at 7000 x ^  for 10 minutes. 
10. Collect supernate in 25 ml volumetric flask. 
dilution 
1 ml in 50 ml 
1 ml in 25 ml 
3 ml in 50 ml 
2 ml in 25 ml 
3 ml in 25 ml 
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11. Collect 2 washes of precipitate (5 ml of .IN PCA per wash). 
12. Bring to volume using .IN PCA and read O.D. at 260 mp, 
13. Measure protein concentration of solution. 
14. Correct reading in step 12 by subtracting 1 X 10units per 
microgram protein per ml solution,. 
RNA standard ; 500 pg/ml 
Hydrolyze 25 mg RNA in 5 ml .3N KOH (60 minutes at 37°C) and make 
to 50 ml with .IN PCA, 
Working standards 
Concentration RNA yg/ml dilution 
5 1 ml in 100 ml 
10 1 ml in 50 ml 
15 3 ml in 100 ml 
20 1 ml in 25 ml 
30 3 ml in 50 ml 
Dilute to volume with ,1N PCA, Read 0,D. at 260 my. If precipitate 
forms after adding PCA, centrifuge before making to volume. 
Protein determination 
Reference; Lowry et al, 1951. J. Biol, Chem. 193;265. 
Reagents 
1. 2% Na^  CO^  in .IN NaOH. Dissolve 4g NaOH and 20g Na^  CO^  in 
HgO and dilute to 1 liter. 
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2. 1% CuSO^  SHgO. Dissolve 1 g and make to 100 ml with water. 
3. 2% K - Na - tartrate. Dissolve 2 g and make to 100 ml with 
water. (Keep refrigerated). 
4. Copper reagent is prepared by mixing equal volumes of Reagent 2 
and Reagent 3. Prepare the reagent just before making Reagent 
5. 
5. Add 1 ml copper reagent (Reagent 4) to 50 ml of Reagent 1» 
6. Folin-Ciocalteu phenol reagent. 
1. To 1 ml of sample add 5 ml of alkaline copper (Reagent 5). 
Let stand at room temperature for 10 minutes, 
2. Add .5 ml Folin-Ciocalteu (Reagent 6). Shake immediately. 
3. Let stand for 30 minutes at room temperature or 10 minutes at 
4. Read O.D. at 750 my. 
Protein standard; 1000 yg/ml 
1 mg bovine serum album./ml = 1000 yg/ml. Dissolve 25 mg BSA and 
make to 25 ml with water. 
Working standards 
Concentration protein yg/ml dilution 
Procedure 
50°C. 
5 5 ml in 100 ml 
10 1 ml in 100 ml 
20 1 ml in 50 ml 
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Concentration protein yg/ml 
30 
40 
Dilute to volume with water. 
dilution 
3 ml in 100 ml 
1 ml in 25 ml 
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Table 18. Experiment 1. Effects of sex on performance and body 
composition 
Castrate 
Item male Female P< CV, % 
ADG, g 
Weaning-20 kg 409 417 — 17.0 
20-54 kg 652 665 — 4.5 
54-118 kg 736 803 — 13.3 
Weaning-118 kg 659 694 — 7.1 
Feed; gain 
Weaning-20 kg 1.73 1.62 — 11.3 
20-54 kg 2.64 2.65 — 9.4 
54-118 kg 3.88 3.68 — 15.3 
Weaning-118 kg 3.22 3.11 10.2 
Carcass gain, g/day 403 388 — 5.4 
Carcass length, cm 85.4 85.2 — 2.5 
Backfat, cm 3.2 3.0 — 10.2 
M. longissimus, kg 2.4 2.7 .01 6.5 
Loin area, cm^  42.5 47.4 .05 9.2 
Yield, % 70.7 70.7 — 3.1 
Lean, % 54.0 58.2 .01 4.6 
Fat, % 33.8 29.1 .01 11.1 
Bone, % 12.2 12.9 — 9.9 
Lean, kg 42.7 45.3 — 5.2 
Fat, kg 26.1 22.3 — 13.1 
Bone, kg 9.4 9.8 — 9.1 
Empty body, kg 
Moisture 56.5 56.5 — 8.6 
Ash 2.9 3.2 — 12.1 
Protein 16.8 17.6 — 4.6 
EE 33.8 31.7 — 13.3 
Lean, % 
Moisture 69.5 69.8 — 2.2 
Ash 1.0 1.0 — 5.7 
Protein 21.3 21.2 — 3.6 
EE 8.6 8.4 — 18.1 
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Table 18. Continued 
Castrate 
Item male Female P< CV, % 
Fat plus bone, % 
Moisture 28.5 25.5 — 40.2 
Ash 5.1 6.6 — 21.0 
Protein 7.9 9.1 — 17.3 
EE 59.0 59.1 — 15.6 
M. longissimus EE, % 3.4 3.0 , — 24.4 
Rectus femoris, g 70.7 70.7 — 3.1 
Protein, % 23.3 22.7 — 13.0 
RNA yg/g 1040 1026 — 8.6 
DNA yg/g 543 533 — 5.5 
Protein :DNA 430 427 — 13.4 
RNArDNA 1.9 1.9 — 7.2 
Fiber diameter, mm .0952 .0972 — 5.2 
Flexor digiti V brevis fiber 
number 2205 2300 — 35.6 
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Table 19. Experiment 1. Analysis of variance of lactation, starter, 
grower, finisher and overall period average daily gain and 
feed:gain ratio 
ADG, g mean squares 
3-10 day 3-17 day 3-24 day 3-28 day 
Source of variation d.f. 10^  10^  10^  10^  
Litter 3 10 2 7 10 
Sex 1 1 1 4 0 
Treatment 2 485* 371* 338* 266* 
Sex X treatment 2 11 21 6 2 
Error 15 12 23 21 19 
CV, % 34.7 40.6 38.0 34 ..0 
ADG, g mean squares \ 
Starter Grower Finisher Overall 
10-3 10"2 10*3 10-3. 
Litter 3 26.9 1.40 8.2 5.47 
Sex 1 0.4 .10 26.3 7,17 
Treatment 2 7.5 .13 7.2 2.00 
Sex X treatment 2 6.8 .08 .3 .36 
Error 15 4.9 .09 10.5 2.33 
CV, % 17.0 4.5 
F:G mean 
13.3 
squares 
7.1 
Starter Grower Finisher Overall 
10"^  10-3 10-1 10"^  
Litter 3 4.03 180 5.32 2.34 
Sex 1 7.16 1 2.41 .69 
Treatment 2 2.87 76 1,18 .38 
Sex X treatment 2 8.01 185 1.42 .81 
Error 15 3.60 61 3.35 lt04 
CV, % 11.3 9.4 15.3 10.2 
*P<.05. 
Table 20. Experiment 1. Analysis of variance for carcass gain, length and yield; M. 
longissimus weight and area; backfat and carcass separable lean, fat and bone 
Mean square 
Carcass M. longissimus 
Gain, ^  '/day Length, cm Yield, % Weight, kg Area, cm^  Backfat, cm 
Source of variation d.f. 10"-
Litter 3 1.64 3.85 4.06 .325** 74* 1,00 
Sex 1 1.38 .24 .02 .373** 143* .39 
Treatment 2 .81 .21 1.81 .104 54 .09 
Sex X treatment 2 .60 5.78 .07 .002 7 .24 
Error 15 .46 4.58 4.90 .027 17 .10 
CV, % 5,4 2.5 3.1 6,5 9.2 10,2 
Mean square, 
Percent Weight, kg 
Lean Fat Bone Lean Fat Bone 
Litter 3 26* 37* .46 25,8* 18.7 .428 
Sex 1 108** 129** 2.60 40.4** 89.2** .890 
Treatment 2 18 21 .45 6,5 14,1 ,127 
Sex X treatment 2 16 29 1.28 10.8 22.9 .120 
Error 15 7 12 1.52 5.1 10,1 .763 
CV, % 4.6 11.1 9,9 5.2 13.1 9.1 
*P<.05. 
**P<.01. 
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Table 21. Experiment 1. Analysis of variance for empty body; 
carcass lean and fat plus bone moisture, ash, protein 
and ether extract; M. longi&simus ether extract 
Empty body, kg mean squares 
Source of variation d.f. Moisture Ash Protein EE 
Litter 3 42.2 .487* 3.32 29.9 
Sex 1 .0 .620* 3.49** 26.6 
Treatment 2 5.1 .091 1.99 2.2 
Sex X treatment 2 .7 .540* 3.66** 12,2 
Error 15 23.5 .137 .61 18.9 
CV, % 8.6 12,1 4.6 13.3 
Lean, % mean squares 
Moisture Ash Protein EE 
10-3 
Litter 3 3.65 7.10 1.20 5.31 
Sex 1 .32 .86 .07 ,37 
Treatment 2 .94 9.14 3.34** 1.70 
Sex x treatment 2 1.98 .23 .11 6.10 
Error 15 2.38 3.17 ,58 2.38 
CV, % 2.2 5.7 3.6 18.1 
Fat plus bone. % mean squares 
Moisture Ash Protein EE 
Litter 3 228 2.2 2.31 184 
Sex 1 51 13.4** 9.56* 0 
Treatment 2 70 1.1 3.61 49 
Sex X treatment 2 119 6.5* 5.69 75 
Error 15 118 1.5 2.17 85 
CV, % 40.2 21.0 17.3 15,6 
M, longissimus , % mean squares 
EE 
Litter 3 3.33* 
Sex 1 1.09 
Treatment 2 2.14* 
Sex X treatment 2 2.06 
Error 15 .62 
CV, % 24.4 
*P<.05. 
**P<.01. 
Table 22. Experiment 1. Analysis of variance for flexor digiti V brevis fiber number; rectus 
femoris weight, fiber diameter protein, RNA, DNA, RNA;DNA and protein;DNA ratios 
Mean square 
Rectus femoris 
Source of variation d.f. 
Fiber 
number 
10^  
Weight, g Diameter, 
mm 
10-5 
Protein, 
mg/g 
RNA DNA 
yg/g yg/g 
RNA; DNA 
10"^  
Protein:DNA 
10^  
Litter 3 417 535** .56 25.6 269* 644 11.92** 807 
Sex 1 5 667* 2.46 2,0 11 551 .19 5 
Treatment 2 27 915 8.62* 8.0 12 187 .32 207 
Sex x treatment 2 20 793 .03 2.6 190 753 2.20 268 
Error 15 64 962 2,46 9.0 79 881 1.92 329 
CV, % 35,6 6.6 5.2 13.0 8. 6 5.5 7.2 13.4 
*P<.05. 
**P<;01. 
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Table 23a. Experiment 2. Effects of sex on performance and body 
composition 
Castrate 
Item male Female P< CV. : 
ADG, g 
Grower 721 673 9,4 
Finisher 888 800 13.5 
Overall 636 587 . 9.2 
Feed:gain 
Grower 2.7 2.7 — 5.1 
Finisher 3.6 3,5 
— 
11,4 
Overall 3.0 3.0 7,2 
Days 
Grower 53.0 59.0 ,05 10.8 
Finisher 50.7 52.7 
—r 17.6 
Overall 153.0 167.0 — 10.8 
Carcass gain, g/day 487 454 10.4 
Carcass length, cm 78.5 77.5 2.5 
Backfat, cm 3.3 2.9 .01 6.4 
M. longissimus, kg 1.8 2.0 .01 5.8 
Loin area, cm^  35.0 39.7 .05 10.3 
Yield, % 75.5 76.1 — 2.2 
Lean, % 47.0 52.3 .01 3.7 
Fat, % 35.0 29.3 .01 6.7 
Bone, % 12.2 12.7 9.6 
Skin, % 5.8 5.6 — 13.8 
Lean, kg 33.3 37.3 .01 4.8 
Fat, kg 24.8 20.9 .01 7.5 
Bone, kg 8.6 9.1 8.4 
Skin, kg 4.1 4.0 — 13.7 
Empty body gains, kg 
Grower-finisher 
Moisture 33.0 36.7 .01 6.3 
Ash 1.8 1.9 — —  21.0 
Protein 11.4 12.6 .01 6.3 
EE 27.3 22.6 .01 10.6 
Sum 73.5 73.8 3.5 
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Table 23a. Continued. 
Castrate 
Item male Female P< cv, : 
Initial to slaughter 
Moisture 41,5 45.6 .01 5.6 
Ash 2.1 2.2 16.2 
Protein 13.3 14.5 .01 4.5 
EE 29.9 25.2 .01 8.4 
Sum 86.8 87.5 2,7 
Empty body, % 
Moisture 49.4 53.7 .01 4.4 
Ash 2.5 2.6 16,3 
Protein 15.4 16.7 .01 4.7 
EE 33.3 28.1 .01 7.6 
Lean, % 
Moisture 70.6 71.2 — —  2.5 
Ash 1.1 1.0 4,4 
Protein 21.5 21,6 5.5 
EE 7.9 7,2 22,4 
Fat plus bone plus skin, % 
Moisture 27.0 30.2 ,01 8.9 
Ash 3.9 4.2 16.3 
Protein 10.8 12.4 .05 11.3 
EE 60.5 55.5 .01 5.8 
M. longissimus EE, % 5.5 5.4 23.1 
Rectus femoris, g 361 418 — —  9.2 
Protein, % 18.0 18.4 4.0 
RNA vg/g 907 947 14.6 
DNA yg/g 484 483 6.5 
ProteinrDNA 373 383 6.2 
RNA: DNA 1.9 2.0 14,0 
Fiber diameter, mm .0912 .0840 — 17.9 
Table 23b. Experiment 2. Effects of protein level by sex interaction on performance and body 
composition 
Castrate male Female 
Item 
ADG, g 
Grower 
Finisher 
Overall 
Feed:gain 
Grower 
Finisher 
Overall 
Days 
Grower 
Finisher 
Overall 
Carcass gain, g/day 
Carcass length, cm 
Backfat, cm 
M. longissimus, kg 
Loin area, cm^  
Yield, % 
Lean, % 
Fat, % 
Bone 5 % 
Skin, % 
Lean, kg 
Fat, kg 
Bone, kg 
Skin, kg 
Empty body gains, kg 
Grower-finisher 
Moisture 
Ash 
10% Protein 20% Protein 10% Protein 20% Protein P< CV, % 
708 
940 
611 
2 . 8  
3.4 
3.0 
56.8 
44.8 
158.3 
470 
77.3 
3.4 
1.8 
36.7 
76.3 
47,6 
34,2 
11.8 
5.4 
34.1 
24.6 
8.4 
3.9 
34.0 
1.7 
733 
836 
660 
2 . 8  
3.8 
3.1 
49.0 
56.5 
148.1 
504 
79.7 
3.2 
1.7 
33.4 
74.8 
45.2 
34.9 
12.3 
6 . 0  
32.5 
25.1 
8 . 8  
4.3 
31.9 
1.8 
634 
784 
515 
2.7 
3.7 
3.1 
62.5 
52.8 
186.6 
412 
77.4 
2.8  
2 . 0  
39.9 
76.8 
50.8 
30.4 
12.4 
5.6 
36.7 
21.9 
8,9 
4,0 
37.1 
1.8 
712 
815 
659 
2 . 6  
3.4 
2 . 8  
56.3 
52.7 
147,7 
497 
77.5 
3.0 
2 . 0  
39.4 
75.4 
53.3 
27.9 
13.0 
5.6 
37.8 
19.8 
9.2 
4.0 
36.3 
1.9 
.05 
.05 
.05 
.01 
9.4 
13.5 
9.2 
5.1 
11.4 
7.2 
10,8 
17.6 
10,8 
10.4 
2.5 
6.4 
5.8 
10.3 
2 . 2  
4.0 
6.9 
9.7 
14.1 
4.8 
7.5 
8.4 
13.7 
6.3 
21.0 
Protein 11.4 11.4 
EE 25.4 29.2 
Sum 72.5 74.3 
Initial to slaughter 
Moisture 41.9 41.2 
Ash 2.1 2.2 
Protein 13.2 13.3 
EE 28.8 30.9 
Sum 86.0 87,6 
Empty body, % 
Moisture 50,3 48.4 
Ash 2.5 2.5 
Protein 15.5 15.3 
EE 32.4 34,1 
Lean, % 
Moisture 71.4 69.9 
Ash 1,1 1,1 
Protein 21.7 21.3 
EE 7.0 8.8 
Fat plus bone plus skin, % 
Moisture 27.4 26.5 
Ash 3.8 3.9 
Protein 10,5 11.0 
EE 59.8 61.2 
M. longissimus EE. % 4,8 6.2 
Rectus femoris, g 376 345 
Protein, % 17.9 18.0 
RNA yg/g 913 901 
DNA yg/g 469 499 
Protein:DNA 383 363 
RNA: DNA 1.9 1.8 
Fiber diameter, mm .0915 .0? 
12.4 
22.3 
73.6 
12.8 
22 .8  
73.8 
6.3 
10.6 
3.5 
45.5 45.7 — 5.6 
2.2 2.3 — 16.2 
14.3 14.8 -T. 4.5 
25.8 24.6 —— 8.4 
87.7 87.3 — 2.7 
53.4 54.0 — 4.4 
2.6 2.7 T-— 16.3 
16.4 17.1 — 4.7 
28.7 27.6 ~ 7.6 
71.4 71.1 —2.5 
1,0 1,0 —— 4.4 
21.7 21.6 — 5.5 
6.8 7.7 — 22.4 
30.0 30.5 — 8.9 
4.0 4.5 — 16.3 
11.7 13.0 — 11.3 
57.4 53,6 — 5.8 
6.0 4.8 .05 23.1 
416 419 -- 9.2 
18.9 17.9 — 4.0 
958 937 — 14.6 
495 471 — 6.5 
385 381 — 6.2 
1.9 2.0 — 14.0 
,0887 .0792 17.9 
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Table 24. Experiment 2. Analysis of variance of starter, grower, 
finisher and overall period average daily gain, feed:gain 
ratio and days 
ADG, g méàn sqûàrés 
Starter Grower Finisher Overall 
Source of variation d.f. H
 
O
 1 CO
 
10-1 10-1 10 1^ 
Litter 5 5 
Treatment 1 142** 
Litter x treatment 5 1 
Error 24 2 
CV, % 12,8 
Litter 5 ,045 .204 .044 
Sex 1 .136 .463 .137 
Treatment 1 .159 .081 .526** 
Sex X treatment 1 .042 .273 .131 
Error 15 .043 .130 .032 
CV, % 9.4 13,5 9.2 
F ;G mean squares 
Starter Grower Finisher Overall 
Source of variation d. f. 10"^  10-1 10-1 
Litter 5 6 
Treatment 1 825** 
Litter x treatment 5 3 
Error 24 4 
CV, % 9.2 
Litter 5 .055 .476 .74 
Sex 1 .212 ,062 ,47 
Treatment 1 .095 ,008 1.04 
Sex X treatment 1 .178 .877* 2.59 
Error 15 .191 .169 .47* 
CV, % 5.1 11.4 7.2 
Days mean squares 
Starter Grower Finisher Overall 
Source of variation d.f. 10^  loi 
Litter 5 14 
Treatment 1 449** 
Litter x treatment 5 2 
Error 24 13 
CV, % 22.2 
Litter 5 15 62 33 
Sex 1 253* 26 110 
Treatment 1 294* 198 344* 
Sex X treatment 1 4 210 122 
Error 15 37 83 30 
CV, % 10.8 17.6 10,8 
*P<.05, 
**P<.01. 
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Table 25. Experiment 2. Analysis of variance on weights of the hot 
carcass, right side and offal at 20 kg and.100 kg.body.weight 
Hot carcass, kg mean squares 
20 kg 100 kg 
Source of variation d,f. 10 2 
Litter 5 0.37 
Treatment 1 3.08** 
Error 5 0.17 
CV, % 2.80 
Litter 5 292 
Sex 1 77 
Treatment 1 5 
Sex X treatment 1 0 
Error 15 372 
CV, % 2.6 
Right side. kg mean squares 
20 kg 100 kg 
-1 Source of variation d.f. 10 ^  
Litter 5 0.12 
Treatment 1 1.78** 
Error 5 0.02 
CV, % 2.00 
Litter 5 .033 
Sex 1 .196** 
Treatment 1 ,012 
Sex X treatment 1 .017 
Error 15 .013 
CV, % 9.200 
Offal, kg mean squares 
20 kg 100 kg ' 
Source of variation „-l d.f. 10 
Litter 5 0.33 
Treatment 1 7.93* 
Error 5 0.92 
CV, % 9.00 
Litter 5 3,4 
Sex 1 ,1 
Treatment 1 11.5** 
Sex X treatment 1 .6 
Error 15 1.3 
CV, % 5.8 
*P<.05. 
**P<.01. 
Table 26. Experiment 2. Analysis of variance of carcass gain and length, backfat, yield, M. 
longissimus weight and area, rectus femoris weight and fiber number and carcass 
separable lean, fat, bone and skin 
Mean squares 
Carcass 
Gain g/day length, cm Backfat, cm Yield, % 
Source of variation d.f. IQ-l 10-1 
Litter 5 .017 13.4 .143 39 
Sex 1 ,058 5.9 .966** 19 
Treatment 1 .201* 8.5 ,007 121 
Sex X treatment 1 .038 7.3 .220* 0 
Error 14 .024 3.7 ,039 28 
CV, % 10.4 2.5 6.4 2.2 
Mean squares 
M. longissimus Rectus femoris 
weight, kg area, cm2 weight, g fiber, ,mi 
-1 -3 Source of variation d.f. 10 10 
Litter 5 .87 28 .229 
Sex 1 2.94** 121* .314 
Treatment 1 ,03 21 .157 
Sex X treatment 1 .37 11 .116 
Error 14 .12 15 .245 
CV, % 5.8 10.3 17.9 
Mean squares 
Lean, % Fat, % Bone, % Skin, % 
Source of variation d. f. 10^  ^
Litter 5 30** 40 74 2.16 
Sex 1 161** 186** 175 0.11 
Treatment 1 0 4 174 0.43 
Sex X treatment 1 26* 19 0 0,56 
Error 14 3 5 45 0.62 
CV, % 3.7 6.7 
Mean 
9.6 
squares 
13.8 
Lean, kg Fat, kg Bone, kg Skin, kg 
Source of variation d.f. IQ-l 
Litter 5 28 5.7 .070 .261 
Sex 1 137** 26.3** .097 .037 
Treatment 1 0 0,3 .257 ,071 
Sex X treatment 1 18 2.9 .009 .099 
Error 14 7 0.7 ,130 .077 
CV, % 4.8 7.5 . 8.4 13.7 
*P<.05. 
**P<.01. 
Table 27. Experiment 2. Analysis of variance of percent moisture, ash, protein and ether 
extract of carcass and offal at 20 kg and 100 kg body weight 
Mean squares 
20 kg carcass, % 
Source of variation d.f. Moisture Ash Protein EE 
Litter 5 1 .830 .77 6 
Treatment 1 193 .302 5.13 312 
Error 5 53 .284 2,38 68 
CV, % 11.6 16,1 10,3 41.2 
Mean squares 
20 kg offal, % 
Moisture Ash Protein EE 
Source of variation d.f. 10-4 
Litter 5 5.6 275 3.70 .9 
Treatment 1 36.1** 46 .13 35.7** 
Error 5 2.2 89 1.89 .4 
CV, % 1.8 11.5 11.0 14.4 
Mean squares 
100 kg carcass. % 
Moisture Ash Protein EE 
Source of variation d.f. 10"^  
Litter 5 31** .037 26* 53** 
Sex 1 118** .017 129** 152** 
Treatment 1 2 .108 6 0 
Sex X treatment 1 20 .029 19 29* 
Error 14 6 .148 8 6 
CV, % 5.2 15.2 5,4 
Mean squares 
7,3 
100 kg offal, % 
Moisture Ash Protein EE 
Source of variation d.f. 10"^  10-2 
Litter 5 31.9** 26 70 33* 
Sex 1 69.9** 111 396** 135** 
Treatment 1 10,3 0 0 5 
Sex X treatment 1 4.3 0 0 17 
Error 14 4.9 48 41 8 
CV, % 3.6 26.2 4.2 12,3 
*P<.05. 
**P<.01. 
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Table 28. Experiment 2. Analysis of variance of chemical composition 
of empty body gains 
Mean squares 
Starter period 
Moisture Ash Protein EE Sum 
Source of variation d.f. 10"! 10"^  10-1 IQ-l 
Litter 5 3 5.09** 1.03** 6** 1.85 
Treatment 1 109** .22 1.10* 292** 2.97 
Litter x treatment 5 35** 1.55** 2.06** 45** 1.45 
Error 24 4 .07 ,21 0 .90 
CV, % 7.1 7.1 7.5 5.7 6.8 
Mean squares 
Grower-finisher 
Moisture Ash Protein EE Sum 
Source of variation d.f. 10-1 10-1 10"! 
Litter 5 15.3* 1.05 12.6 35** 65.3 
Sex 1 77.4** .74 78.3** 125** 4.9 
Treatment 1 11.7 .54 1.9 26 57.7 
Sex X treatment 1 2.4 .02 3.0 16 33.6 
Error 14 4.9 1.46 5.7 7 68.2 
CV, % 6.3 21.0 6.3 10.6 3.5 
Mean squares 
Initial to slaughter 
Moisture Ash Protein EE Sum 
Source of variation d.f. 10-1 10"^  10-1 
Litter 5 152 47 12.0* 39** 7.30 
Sex 1 926** 98 89.0** 124** 8.13 
Treatment 1 4 72 .6 1 2.20 
Sex X treatment 1 12 0 .2 16 5.67 
Error 14 60 125 .4 5 5.69 
CV, % 5.6 16.2 4.5 8.4 2.7 
*P<.05. 
Table 29. Experiment 2. Analysis of variance of percent moisture, ash, protein and ether 
extract of empty body, lean and fat plus bone plus skin, M. longlssimus percent 
ether extract 
Empty body. À mean sqûàrés 
Moisture Ash Protein EE 
Source of variation d.f. 10~^  
Litter 5 25** .044 20* 41** 
Sex 1 106** .112 105** 147** 
Treatment 1 2 .063 3 0 
Sex X treatment 1 9 .014 11 11 
Error 14 5 .175 6 5 
CV, % 4.4 16.3 4.7 7.6 
Lean, % mean squares 
Moisture Ash Protein EE 
Source of variation d.f. 10~^  
Litter 5 5.46 .114** .62 4.53 
Sex 1 2.02 .018 .12 2.57 
Treatment 1 4.75 .003 .38 9.97 
Sex X treatment 1 1.85 .004 .08 1.05 
Error 14 3.24 .022 1.40 2.87 
CV, % 2.5 4.4 5.5 22.4 
Fat plus bone plus skin, % mean squares 
Moisture Ash Protein EE 
Source of variation d.f. 
Litter 5 22.6* .124 3.0 71** 
Sex 1 60.9** .863 14.8* 140** 
Treatment 1 .3 .548 4.9 8 
Sex X treatment 1 3.0 .424 .9 37 
Error 14 6.5 .439 1.7 11 
CV, % 8.9 16,3 11.3 5.8 
M. longissimus EE, % mean squares 
Source of variation d.f. 10-2 
Litter 5 325 
Sex 1 5 
Treatment 1 0 
Sex X treatment 1 942* 
Error 14 159 
CV, % 23.1 
*P<.05. 
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Table 30. Experiment 2. Analysis of variance of rectus^  fembfis 
RNA, DNA, protein, RNA:DNA and protein:I)NA ratios 
Mean squares " 
RNA DNA Protein 
yg/g yg/g % RNA:DNA Protein ;DNA 
Source of variation d.f. 10^  10^  
Litter 5 477 220 83 .114 809 
Sex 1 100 1 107 .049 618 
Treatment 1 16 5 104 ,011 826 
Sex X treatment 1 1 424 171 ,052 419 
Error 14 185 99 54 ,072 543 
CV, % 14.6 6.5 4.0 14.0 6.2 
